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such as paper, synthetic paper, films, plastics or the like ^,1? ° bt f^ a “ atl ° 9 color ' wh,ch fe «»ted on a substrate 
chemical reaction by heating with a thermal head a hot stamo la^N^hf ^ developed by 3,1 instantaneous 
» The thermal recording sheet is usSh Iwki T "f 1 ° r *“ l,ke ,0 obtai " a ^sible record. 

printer for computers, facsimile, automatic ticket vendorsIL-JrieI!?*?" 8 b a ®measuring recorders, a terminal 
cation and advance in recording apparatus for thermal recordin sheet the ^ ^ lka However> with recen t diversif i- 
increased requirements. For example, with increasina snaed * r ^ e . rma ^ record,n 9 shee t is required to meet 
sharp color image even with a smaller thermal enemy whereas ? ' S requ,red ,0 ob,ain a bigh-density and 

- -sss rrr = 

ink jet recording 42^5^ recoding on plain paper such as elecfrophotographic and 

thermal recording is rSK^Sjj SEE £ ST* T ^ paper "«*«■ ^ sample, 

(image) and stability of unrecorded portion (groundcolor Dorfarth terms of stabll,t > f 01 recorded portion 

» Sround color stability). In particu^Ts a ’ f ^ ^ r6C0rding ( hereinafter referred to as 

ground color stability,o heauS StyenS S TSlZSXT**" ^ is required to hava a 9°od 
non-sensitive in other times. ' * heet ' S d3S,red *° be Sensitive only during recording but 

sheet which^nde^rn^derariSS th^i^^^^ discloses a thermal recording 

to* 

have been proposed. * ° 3 thermocbr °™ substance or a reversible color change of a leuco dye 

The thermal recording material disclosed in JP-A-OPI4-353490 shows a Marhath * u 

a 9500 ter 5 tore ' -* 
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and (3) when erasing, tem^raWSit' S P °?' (2) C,0Udi " 9 (dh * otora «°"> «"*■» k* 
transparency and turbidity, there is no problem when it is usah kfl recor ding material achieves a contrast between 
However, when it is used in opaque recordtoTh^n'h " * r f sparerrt recordi "9 sheets such as OHP sheets. 

under the coating layer (the layer capable of reversible chance betvima '* ' S necessar y t0 Provide a coloring layer 
to provide a contrast in he and turbid states). For this purpose. 

ably a thin layer. To make the sheet X T^l ^ the ”"** '*** is desir ’ 

must be strictly controlled. ’ yer S prefenred - Therefore, the thickness of the coating layer 

have both colour developing and erasing actions to endow a iJL ^ er3S ."] l 9 a9ents ) whlch are simple in structure and 
of thermal energy. erasing actions to endow a leuco dye with a reversible change in colour by the control 

^ *«a « -- Cl. . 

temperature control during erasing. 9 on9 " chan al W 9roup, but this recording sheet requires 

An object of the present Inventon is to provide a thermal reconinp shea «h has impra , M glaM ^ ^ 
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ity to heat and solvents. The present invention also aims to provide a thermal recording sheet which has reversible 
recording capability enabling recording erasing - re-recording. 

The above problems are solved by a thermal recording sheet using an urea compound, which is quite different from 
conventional phenolic colour developers, as a developer. 

s Compounds including urea moieties in their structures are disclosed in, for example, CA-A-1237145. However, 
these compounds have utility as environmental indicating materials. The document is therefore not relevant to the field 
of thermal recording sheets. 

Thermal recording sheets using urea compound with phenol type developer (Bisphenol A, Bisphenol S, and so on) 
are disclosed in JP-A-53-140043, 57-87993, 57-82787, and 59-67083. These urea compounds are only limited to the 
io carbon number, and are basically used for depression of melting point of phenoltype developer. Thermal recording 
sheets using urea compound together with a phenol-type developer have a problem of heat resistance, and have no 
recording reversibility. 

Monourea compounds for use in thermal recording materials are disclosed in JP-A-58-211496,59-184694, and 61 - 
211085. In these urea compounds only the amino group at one side of the urea is substituted. The compounds thus 
is differ fundamentally from the dimerized and trimerized phenylurea compounds of the present invention. 

In general, thermal recording materials are used by dispersing in water, but monourea compounds have a problem 
since they are slightly soluble in water. Thermal recording materials using these monourea compounds alone have a 
problem of heat resistance, and have no reversible recording. 

Dimerized urea-type compounds are disclosed in JP-A-5-1317152 and 5-147357. These dimerized urea-type com- 
20 pounds are characterised by a structure having a sulfonyl group adjacent to the urea structure (Ar-S0 2 -NH-C(=0)-NH- 
). However, the thermal recording sheets using these dimerized urea also have a problem in heat resistance, and have 
no reversible recording. 

EP-A-0615859 and EP-A-0620122 describe thermosensitive recording materials in which the colour developing 
agent comprises an aromatic urea or thiourea derivative comprising the divalent structural unit -S0 2 NHC(=X)NH- 
25 wherein X is oxygen or sulphur. These two documents belong to the state of the art according to Article 54{3)EPC for 
the commonly designate states DE and GB. 

The present invention provides a thermal recording sheet which comprises a thermal recording layer comprising a 
colourless or pale coloured dye precursor and a colour developer, which colour developer is a urea compound which 
comprises at least two groups of formula (1) 
so 



wherein X is alkyl, halogenated 0-,-Ce alkyl, Cy-C,* aralkyl, Ci-C 12 alkoxy, C s -C 12 aryloxy, alkoxycarb- 
40 onyl, C r C 12 acyl, C r C 12 dialkylamino, C 7 -C 12 arylalkylamino, C 6 -C 12 arylamino, C-,-Ci 2 acylamino, nitro, cyano, a hal¬ 
ogen or hydrogen, and n is an integer of 1 to 3. The colour developer reacts with the dye precursor upon heating to 
develop a colour. 

In a preferred aspect of the invention, the thermal recording sheet comprises as a colour developer a urea com¬ 
pound of Formula (2), (3), or (4) 

45 



55 


3 




EP 0 633 145 B1 



w 



so wherein X is as defined above for formula (1), A is a divalent group comprising 30 or less carbon atoms, and B is a bi¬ 
valent group comprising 30 or less caibon atoms and n is an integer from 1 to 3. 

The group of formula (1) is hereinafter referred to as the phenylurea structure. A urea compound of Formula (2), 
(3), or (4) is a compound having two or three phenylurea structures of Formula (1). A urea compound of Formula (2) is 
a compound in which two phenylurea structures are directly bonded, and a urea compound of Formula (3) or (4) is a 
35 compound in which two or three phenylurea structures are bonded through a joint group. The joint group is a divalent 
or trivalent group comprising 30 or less carbon atoms. 

An urea compound of Formula (2) or (3) (hereinafter referred to as a "dimerized urea compound") and a urea com¬ 
pound of Formula (4) (hereinafter referred to as "trimerized urea compound") can be individ ually synthesized, tor exam¬ 
ple, by a reaction of amines with an isocyanate compound. 

40 

-NH 2 + -N=C=Q -NH-C(=0)-NH- 


45 


First, the dimerized urea compound of Formula (3) can be synthesized (a) by reacting diamines with a monoisocy¬ 
anate compound, or (b) by reacting a diisocyanate compound with monoamines. 


(a) 


H 2 N-X-NH2 +• Y-N=C=0 -* Y-NH-C(=0)-NH-X-NH-C(=0)-NH-Y 


so (b) 


0=C=N-X-N=C=0 + Y-NH 2 -» Y-NH-C(=0)-NH-X-NH-C(=0)-NH-Y 


When diamines are reacted with a monoisocyanate compound, the diamines include carbohydrazide, ethylenedi- 
55 amine, 1,2-propanediamine, 1,3-propanediamine, 1,4-diaminobutane, 1,3-diaminopentane, 1,5-diaminopentane, 1,6- 
diaminohexane, 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane, 1,10-diaminodecane, 1,11-diami- 
noundecane, 1,12-diaminododecane, 1,2-diamino-2-methylpropane, 1,3-diamino-2,2-dimethylpropane, 1,5-diamino-2- 
methylpentane, 1,5-diamino-2,2-dimethylpentane, trimethylhexamethylenediamine, diethylenetriamine, triethylenete- 
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tramine, tetraethylenepentamine. 3,3'-diaminodipropyt amine, N.N-bis(3-arninopropyl)methylarnine, bis(3-aminopro- 
pyl) ether, l,8-diamino-3.6-dioxaoctane, ethyleneglycolbis(3-aminopropyOether, 1,2-diaminocyclohexane, 1,3- 
diaminocyclohexane, 1,4-diaminocyclohexane, 1.3-di(aminomethyl)cydohexane, 1,4-di(aminomethyl)cyclohexane, 
4,4'-diaminodiphenylsulfone, 3,3'-diaminodiphenylsulfone. 4,4'-diaminodiphenylsutfide, 4.4'-diaminodiphenylether, 3,4'- 
5 diaminodiphenylether. 4,4'-diaminodiphenylether, 3,4'-diaminodiphenylether, 4,4'-diaminodicyc!ohexylmethane, 4,4'- 
diaminodiphenylmetfiane, 3,3'-diaminodiphenylmethane, 4,4'-diamino-3,3'-dichlorodiphenylmethane, 4,4'-diamino-1.2- 
diphenylethane, 4,4'-diamino-2,2’dimethylbiphenyl, 4,4'-diaminodiphenylaminB, 2,2'-diaminodiphenytdisutfide. 4,4'- 
diaminodiphenyldisuKide, 1,3-bis(m-aminophenoxy)benzene. 1,4-bis(m-aminophenoxy)benzene. 2,2-bis(4-ami- 
nophenxyphenyljprapane, 2,2-bis[4-(4-aminophenoxy)pheny0hexafluoropropane, a,a’-bis(4-aminophenyl)-l ,4-diiso- 
io propylbenzene, 3,3’-diaminobenzophenone, 4,4’-diaminobenzophenone, 2,4-diaminoazobenzene, 4,4'- 
diaminostilbene, 4,4'-diaminostilbene-2,2’-disulfonic acid, o-phenylenediamine, m-phenylenediamine, p-phenylenedi- 
amine, 4-chloro-o-phenylenediamine, 5-chIoro-m-phenylenediamine. 2-chloro-p-phenylenediamine, 2-nitro-1,4-phe- 
nylenediamine, 4-nitro-1,2-phenytenediamine, 4-nitro-1,3-phenylenediamine, 2,4-diaminoanisole, p.p'- 
methylenedianiline, m-xylylenediamine, p-xylylenediamine, 2,4-diaminotoluene, 2,6-diaminotoluene, 3,4-diaminoben- 
is zoic acid, 3,5-diaminobenzoic acid, 1,5-diaminonaphthalene, 1,8-diaminonaphthalene, 2,3-dianononaphthalene, 1,2- 
diaminoanthraquinone, 1,4-diaminoanthraquinone, 1,5-diaminoanthraquinone, 2,6-diaminoanthraquinone, 1,4- 
diamino-2,3-dicyano-9.10-anthraquinone, 2,3-diaminopyridine, 2,6-diaminopyridine, 3,4-diaminopyridine, 2,4-diamino- 
6-chloropyrimidine, 2,4-diamino-6-phenyl-1,3,5-triazine, 9,9-bis(4-aminopheny0fluorene, piperazine, N-aminoethyl- 
piperazine, 1,4-bid(3-aminopropyl)piperazine, and isophoronediamine; the monoisocyanate compound includes aro- 
zo matic isocyanate compounds such as phenylisocyanate, o-tolylisocyanate, m-tolylisocyanate, p-tolylisocyanate, 3,4- 
dimethylphenyiisocyanate, 2,6-dimethylphenylisocyanate, 3,4,5-trimeihyiphenylisocyanate, o-trifluoromethylphenytiso- 
cyanate, m-trifluoromethylphenylisocyanate, p-trifluoromethyiphenylisocyanate, 2-methoxyphenyiisocyanate, 3-meth- 
oxyphenylisocyanate, 4-methoxyphenytisocyanate, p-bromophenylisocyanate, o-fluorophenylisocyanate, m- 
fluorophenylisocyanate, p-lluorophenylisocyanate, o-chlorophenylisocyanate, 2,5-dichlorophenylisocyanate, 3,4- 
2 s dichlorophenylisocyanate. 2,6-dichlorophenylisocyanate. o-nitrophenylisocyanate, m-nitrophenylisocyanate, p-nitroph- 
enylisocyanate, p-dimethylaminophenylisocyanate, and p-diethylaminophenylisocyanate, and any combinations of both 
compounds can be used. 

On the other hand, when a diisocyanate compound is reacted with monoamines, the diisocyanate compound 
includes 2,4-toluenecfiisocyanate (2,4-TDI), 2,6-toluenediisocyanate (2,6-TDI), 4,4’-diphenylmethanediisocyanate 
30 (MDI), 1,5-naphthalenediisocyanate (NDI), tolidinediisocyanate fTODI), hexamethylenediisocyanate (HDI), isophor- 
onediisocyanate (IPDI), p-phenylenediisocyanate, m-phenylenediisocyanate, trans-cydohexane-1.4-diisocyanate, 
xylylenediisocyanate (XDI), 4,4'-dicydohexylmethanediisocyanate (hydrogenated MDI), lysinediisocyanate (LDI), m- 
tetramethylxylenediisocyanate (m-TMXDI), and p-tetramethylxylenediisocyanate (p-TMXDI); the monoamines include 
aromatic amines such as aniline, o-toluidine, m-toluidine, p-toluidine, o-ethylaniline, m-ethytaniline, p-ethylaniline, p-n- 
35 propylaniline, p-iso-propylaniline, p-n-butylaniline, 2-sec-butylaniline, 4-sec-butylaniline, 4-tert-butylaniline, p-n-amy- 
laniline, p-n-hexylaniline, p-n-heptylaniline, p-n-octylaniline, p-n-nonylaniline, p-n-decylaniline, p-undecylaniline, p- 
dodecylaniline, 2,3-xylidine, 2,4-xylidine, 2,5-xylidine, 3,4-xylidine, mesitylamine, 2,6-diethylaniline, o-aminobenzotriflu- 
oride, m-aminobenzotriluoride, p-aminobenzotrifluoride, o-methoxyaniline, m-methoxyaniline, p-methoxyaniline, o- 
ethoxyaniline, m-ethoxyaniline, p-ethoxyaniline, 4-tert-butoxyaniline, 2,4-dimethoxyaniline, 2,5-dimethoxyaniline, 3,4- 
40 dimethoxyaniline. 3,5-dimethoxyaniline, o-chloroaniline, m-chloroaniline, p-chloroaniline, o-bromoaniline, m-bro- 
moaniline, p-bromoaniline, o-fluoroaniline, m-fluoroaniline, p-fluoroaniline, 2,3-dichloroaniline, 2,4-dichloroaniline, 2,5- 
dichloroaniline, 2,6-dichloroaniline, 3,4-dichloroaniline, 3,5-dichloroaniline, 2,4-dibromoaniline, 2,5-dibromoaniline, 2,6- 
dibromoaniline, 2,4-difluoroaniline, 2,5-difloroaniline, 2,6-difluoroaniline, 3,4-difluoroaniline, 2,3,4-trichloroaniline, 
2.4,5-trichloroaniline. 2,4,6-trichloroaniline, o-nitroaniline. m-nitroaniline, p-nitroaniline, o-cyanoaniline, m-cyanoaniline, 
45 p-cyanoaniline, methyl o-aminobenzoate, methyl m-aminobenzoate, methyl p-aminobenzoate, ethyl o-aminobenzoate, 
ethyl m-aminobenzoate. ethyl p-aminobenzoate, n-propyl p-aminobenzoate, iso-propyl p-aminobenzoate, n-butyl p- 
aminobenzoate, iso-butyl p-aminobenzoate, phenyl o-aminobenzoate, phenyl m-aminobenzoate, phenyl p-aminoben¬ 
zoate, benzyl o-aminobenzoate, benzyl m-aminobenzoate, benzyl p-aminobenzoate, p-nitrophenyl o-aminobenzoate, 
2-diethylaminoethyl p-aminobenzoate, 2'-aminoacetophenone, 3'-aminoacetophenone, 4'-aminoacetophenone, 2-ami- 
50 nobenzophenone, 3-aminobenzophenone, 4-aminobenzophenone, m-aminobenzoylmethylamide, 2-aminodiphe- 
nylether, 3-aminodiphenylether, 4-aminodiphenylether, 2-amino-4’-chlorodiphenylether, 4-amino-4’- 
chlorodiphenylether, 4-amino-4’-aminodiphenylmethane, 4-amino-4‘-chlorodipheny!methane, 2-amino-5-chlorotoluene, 
4-amino-2-chlorotoluene, 2-amino-5-boromobenzotrifluoride, 2-amino-5-chlorobenzotrifluoride, 3-amino-4-chloroben- 
zotrifluoride, 5-amino-2-chlorobenzotrilluoride, and any combinations ol both compounds can be used. 

5s The dimerized urea compound of Formula (2) can be synthesized using hydrazine as the diamine and the above 
compounds as the monoisocyanate compound. On the other hand, the trimerized urea compound of Formula (4) can 
be synthesized by a method of reacting triamines with a monoisocyanate compound or a method of reacting a triisocy¬ 
anate compound with monoamines. 
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First, when triamines are reacted with a monoisocyanate compound, the triamines can be 1,2,4-triaminobenzene, 
tris(2-aminoethyl)amine, melamine, 2,4,6-triaminopyrimidine, and triamtherene, the monoisocyanate compound can be 
the above described compounds, and any combinations of both compounds can be used. When a triisocyanate com¬ 
pound is reacted with monoamines, the triisocyanate compound can be triphenylmethanetriisocyanate, trisfisocy- 
anatephenyl)thiophosphate. lysine ester triisocyanate, 1,6,11-undecanetriisocyanate. 1,8-diisocyanate-4- 
isocyanatemethyloctane, 1,3,6-hexamethylenetriisocyanate, and bicycloheptanetriisocyanate; the monoamines can be 
the above described compounds, and any combinations of both compounds can be used. 

Practical examples of the urea compound of Formula (2), (3), or (4) are shown below: 
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35 The divalent linking group is selected as appropriate according to properties such as the melting point, decompo¬ 
sition temperature and solubility in various solvents of the urea compound, and to the property of the thermal recording 
sheets using the urea compound as a developer. It is thus not specifically limited. For example, for the thermal recording 
sheet using the dimerized urea compound of Formula (3) as defined above, the divalent linking groups A are broadly 
divided as follows: 

40 

(1) A thermal recording sheet having a thermal recording layer containing at least one urea compound of formula 
(3), e.g. Al - A12, A31 - A62, wherein the divalent group is a straight-chain alkylene group having 1 to 12 carbon 
atoms. In one aspect of the invention, therefore, the thermal recording sheet comprises as colour developer a urea 
compound of formula (5): 

45 



55 wherein X is as defined above in formula (1), n is an integer from 1 to 3, and m is an integer from 1 to 12. 

(2) A thermal recording sheet wherein the colour developing is a compound of formula (3) as defined above, e.g. 
A13-A18, wherein divalent group (A) is a branched chain alkylene group having 1 to 15 carbon atoms. 

(3) A thermal recording sheet wherein the colour developer is a compound of formula (3) as defined above. e.g. 
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A19-A23. A27-A30, wherein the divalent group A comprises two or more alkylene groups having 1 to 12 carbon 
atoms, the alkylene groups being linked to each other via nitrogen or oxygen. 

Examples of alkylene groups linked to each other via nitrogen or oxygen include the following structures: 

5 (Linked with nitrogen) 

-C(CH2)li -NH-(CH2) m1 • 

wherein LI is an integer from 1 to 11, Ml is an integer from 1 to 11, and LI + Ml = 2 to 12. 

wherein L2 is an integer from 1 to 10, M2 is an integer from 1 to 10, N2 is an integer from 1 to 10, and 

10 L2 + M2 + N2 = 3 to 12. 

-(CH2)l3-NH-(CH 2 )m3-NH-(CHj)m3-NH-(CH2)q3- 

wherein L3 is an integer from 1 to 9, M3 is an integer from 1 to 9, N3 is an integer from 1 to 9, Q3 is an integer 

from 1 to 9. and L3 + M3 + Q3 = 4 to 12. 

-(CH2) L4 -(NH-fCHaJ^s-NH-tCHa)^- 

is wherein L4 is an integer from 1 to 8, M4 is an integer from 1 to 2, N4 is in integer from 1 to 8, and 

L4 + 3xM4 + N4 = 5 to 12. 

wherein L5 is an integer from 1 to 7, M5 is an integer from 1 to 2, N5 is an integer from 1 to 7, and 

L5 + 4xM5 + N5 = 6 to 12. 

20 (Linked with oxygen) 

-{CH2) u -0-(CH2) M6 - 

wherein L6 is an integer from 1 to 11, M6 is an integer from 1 to 11, and L6 + M6 = 2 to 12. 
-( CH 2)l7'°'( CH 2)m7-0-(CH2) N 7- 

wherein L7 is an integer from 1 to 10, M7 is an integer from 1 to 10, N7 is an integer from 1 to 10. and 

25 L7 + M7 + N7 = 3 to 12. 

-(CH^Ls-O-fCH^Ms-O-fCH^Ns-O-tCHaJaa- 

wherein L8 is an integer from 1 to 9, M8 is an integer from 1 to 9, N8 is an integer from 1 to 9, Q8 is an integer 

from 1 to 9, and L8 + M8 + N8 + Q8 = 4 to 12. 

30 When linked with nitrogen, hydrogen linked to the nitrogen atom of the joint group may be substituted with an 

alkyl group of 1 to 12 carbon atoms or an aryl group of 6 to 18 carbon atoms or unsubstituted. 

(4) A thermal recording sheet having a thermal recording layer wherein the colour developer is a compound of for¬ 
mula (3), e.g. A103, A104, A114 or A115, wherein the divalent group A is a substituted or unsubstituted cycloalkyl 
group having 3 to 20 caibon atoms. 

55 This category of colour developers is further divided into one in which the two phenylurea structures are linked 

directly to a single cycloalkyl ring, one in which the two phenylurea structures are linked to two cycloalkyls, and one 
in which the two phenylurea structures are linked to an alkylene group bonded to a cycloalkyl ring. 

(5) A thermal recording sheet wherein the colour developer is a compound of formula (3). e.g. A87-A102, A107 or 
A108, wherein the divalent group A is a group having one substituted or unsubstituted aromatic ring having 6 to 20 

40 caibon atoms. 

This category of colour developers is further divided into one in which the two phenylurea structures are linked 
directly to one aromatic ring, and one in which the two phenylurea structures are linked to an alkylene group 
bonded to an aromatic ring. The aromatic ring can be, for instance, benzene, pyridine or naphthalene. Benzene is 
preferred in view of the availability of the raw material. 

45 (6) A thermal recording sheet wherein the colour developer is a compound of formula (3), e.g. A63-A86 or A197 - 

A199. wherein the divalent group A is a group having at least two aromatic rings, each of which may be substituted 
or unsubstituted, which group has from 12 to 30 carbon atoms. 

This category of colour developers is further divided into those having two aromatic rings, three aromatic rings, 
and four aromatic rings. Also in this case, benzene ring is preferable in view of availability of the raw material. 

so However, of the urea compounds of this category, the urea compound of Formula (6), that it the divalent group 

A is diphenylene, is favoured for general applications in view of safety of the raw materials for synthesis. 
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wherein X is as defined above for formula (1), and n is an integer from 1 to 3. 

* th f™ 1 recor ^ in 9 sheet wherein the colour developer is a compound of formula (3). e.g. A109-A111 wherein 
the d,valent group A contains a substituted or unsubstituted piperazine ring and has from 4 to 12 Lrtwn atonS 

’ 5 inc, Preferr ! d ° Pti ° nS fof the diva ' ent 9r0up A are a ^^ight-chain alkylene group hav- 

LZLn u ' 30 alkylene 9roup bawn 9 1 to 15 carbon atoms and having a branched chain and two or more 

alkylene groups having 1 to 12 carbon atoms linked to each other via a nitrogen or oxygen atom As’regards the total 

options tor X include hydrogen (that rt, unsubstituted) and an electrophilic group (e.g halogenated alkvl orouo nit™ 

. c 0n band - a thermal recording sheet of the present invention which comprises a dimerized urea comoound 

f F ° r ? ula (2) . or (3) or a tomerized urea compound of Formula (4) is superior in ground colour stability to heat and sol 

“to*" of toe recording surface remains substantially unchanged. For example, the exemplified compound AS does™* 
nonnd^ ^, C °!^| r h Ven if* 1 wh ' ch is the hi 9 hesl temperature of static colour de/elopmentHweve^ when th^cor? 

ednfi C nf S tho a,eC | ^ " *^. errn ®| head t0 20° to 300°C, it develops a dense colour. On the basis of common general knowl- 
ge of thermal recording sheets it would not be considered possible that no colour develops when the surface of the 

; th ® r r ™ [Tead ou* e< 1 C °^ Cle ^ With 3 heat bl0ck at 315070120 ° C - but ran be recorded with a usable density a 
thermal head. Such a material has been unknown. ' * 

Since the thermal recording sheet of the present invention has the above-described high heat resistance it can be 

sheet to be toermallytixed by coating a toner on the surface of the recording layer, and thermally feed bycoatino a toner 
on the recording surface of the recorded sheet Accordingly, the invention further provide a tS reSnoS 
which comprises a thermal recording sheet of the invention as defined above, the said sheet being laminated with a 

SSSLISSST 80 “I*™*™™ ———-i- .tsssss SS.* 

t . F ^ th0 [: toe process for producing the thermal recording sheet of the present invention is very easy to control In 
conventional thermal recording sheets, the drying process after coating the recording foyer requires 
Howief anTtSr , t0 prevem the coated surface from colour development, which limits highspeed Sting 

" not ai [ a ‘ 1 „° C ' rt 03,1 be dried at a h| 9 h temperature. The control range of the drying temperature can 
therefore be substantially expanded, which leads to an improvement in productivity 

of the present invemion undergoes almost no change in ground colour even when 

™ SSJifb J than 3,C0h01 - ™ s may be due t0 very low solubility in organic diverts of the dimerized 

or trimenzed urea compound used. Therefore, it can be recorded by oil ink on the recording surface 

of a °" ‘ he therma ‘ decor "P° sife n temperature and solubility in various solvents 

° a ^f' n e ,zed ° r tomerized urea compounds, and have found that the thermal decomposition temperature 
S ? Vent l Can be controlled by suitable selection of the divalent linking gr£J? By furthStSes 
L!. y h ha ® ^ 3 recordin9 sheet m wh,ch toe recorded image can be erased by applying heat via a^eat roll a ther- 

mal head, a drying oven or a hot stamp, by irradiation with light by a laser or a halogen lamp or by contacting with alco- 
hohc solvents such as methanol or ethanol, and wherein the erased surface can be r££daS2 ISLTa 
rma head or a laser. This is a reversible recording sheet It is achieved by using at least one dimerized urea com- 
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pound of Formula (2) or (3), or a trimerized urea compound of Formula (4), as defined above, as a colour developer in 
the thermal recording sheet of the invention. 

According, the invention further provides a method of reversibly recording an image on a substrate, which method 
comprises: 
s 

recording an image on a thermal recording sheet of the invention as defined above, or an optical recording sheet 
of the invention as hereinafter defined; 

erasing the recorded image by applying, respectively, heat or light to the recorded portion; and 
recording an image again on the said sheet 

10 

The invention also provides a method of reversibly recording an image on a substrate, which method comprises; 

recording an image on a thermal recording sheet of the invention as defined above or an optical recording sheet of 
the invention as hereinafter defined: 

is contacting the recorded portion with an alcoholic solvent to erase the recorded image; and 
recording an image again on the said sheet 

A reversible recording sheet which is good in erasability by a heat roll uses a colour developer which is a urea com¬ 
pound of Formula (5) (e.g. AI-A12) wherein the divalent linking group is a straight-chain alkylene group having 1 to 12 
20 carbon atoms. 

The thermal recording sheet using these urea compounds as colour developer, after being colour developed by 
means such as a thermal head, can be erased by contacting with a heat roll at 100 to 200°C and the erased surface 
can be recorded again by means such as a thermal head. For example, good results are obtained with a recording 
sheet in which the colour developer is a compound selected from the above-exemplified urea compounds A3, A4, A5, 
25 A6, A8, A10, A14, and A49. 

The dimerized urea compound of Formula (3) and the trimerized urea compound of Formula (4), from another point 
of view, are considered as compounds in which the phenylurea structures are appropriately separated by the divalent 
linking group. From this point of view, a urea compound which is superior in erasing ground colour under a heating con¬ 
dition different from recording by a thermal head is preferably a dimerized urea compound in which the phenylurea 
30 structures are separated by 3 to 8 carbon atoms. 

The dimerized or trimerized urea compound used in the present invention alone in itself has a high colour develop¬ 
ing ability as a colour developer in the thermal recording sheet, and the surface of the substrate coated with the com¬ 
pound along with the electron-donating dye precursor does not substantially develop a colour even at 120°C. It thus 
shows properties of superior resistance of ground colour to solvents. In addition, depending on the selected divalent 
35 linking group, some types of the urea compound of the present invention have a reversible recording function, as 
described above. 

In a general method for producing the thermal recording sheet of the present invention, (a) the dye precursor and 
(b) the dimerized or trimerized urea compound as a colour developer are individually dispersed along with a binder hav¬ 
ing a dispersing function. As necessary, they are mixed with additives such as fillers, slip agents to obtain a coating col- 
40 our, which is coated on a substrate by a conventional method known in the art, and then dried. The dimerized or 
trimerized urea compounds of the present invention can be used alone or in combination. 

The dye precursor used in the thermal recording sheet of the present invention can be those which are known to 
the public in the area of thermal recording, and is not specifically limited, but triphenylmethane type leuco dyes, f luorane 
type leuco dyes, fluorene type leuco dyes, and the like are preferable. Typical dye precursors are shown below: 

45 

3.3- Bis(4’-dimethylaminophenyl)-6-dimethylaminophthalide 
[alias Crystal Violet Lactone (CVL)] 

3.3- Bis(4'-dimethylaminophenyl)-6-pyrrolidylphthalide 

3.3- Bis(4'-dimethylaminophenyl)phthalide 

so [alias Malachite Green Lactone (MGL)] 

Tris[4-(dimethylamino)phenyi]methane 
[alias Leuco Crystal Violet (LCV)] 

3-Dimethylamino-6-methyl-7-(m-trifluoromethylanilino)fluorane 
3-Diethylamino-6-methyl-fluorane 
55 3-Diethylamino-7-methyl-fluorane 

3-Diethylamino-7-chlorofluorane 
3-Diethylamino-6-methyl-7-chlorofluorane 
3-Diethylamino-6-methyl-7-anilinofluorane 
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3-Diethylamino-6-methyl-7-p-methylanilinofluorane 

rSS amin0 t methyl ' 7 ' (0 ' p - dim8th y |anilinofluo ^ n e 

3-D,eth y lam , no- 6 - met h y | - 7 - (m - trif|uoro methy | aniljno) ,, uorane 

^'n^ yamin0 " 6 ‘ methyl ' 7 '(°' chloroanilino ) ,luor ane 

3-Diethylamino-6-methyl-7-(p-chloroanilino)fluorane 

3-D.e%lam in o- 6 -m e thy|.7-(°- f luoroani!ino)fl U orane 

fn- ,e ^ amin0 ' 6 ' methy, ' 7 -(P- n ^ anilin o) fl uorane 

3-Dielhylamino-6-methyl-7-n-octylaminofluorane 

3-Diethylamino-6-chloro-7-anilinofluorane 

3-Diethylamino-6-ethoxyethyl-7-anilinofluorane 

3-Diethylamino-benzo[a]fluorane 

3-Diethylamino-benzo[c]fluorane 

3-Diemy(amino-6-meth^7-benzylaminofluorane 

3-Die%lamino-6-methyl-7-<Jibenzylaminofluorane 

S-D'ethyamiTO-^meibytoen^aminof^^ane 

?n!!!! y ! amin0 '^ methyl ' 7<iiphenylrneth y |arTlinof ^orane 
« amin °' 7 ' d,naphthylme1h y |aminof| uorane 

I°n^ e i h , ylamintM ‘ dime,,1ylanlinobenzo t a ]< | uoran0 

3-Dibutylamino-6-methylfluorane 

3-Dibutylamino-6-methyl-7-chlorofluorane 

3-Dibutylamino-6-methyI-7-anilinofluorane 

3-D,b U tyl a mi n ^ 6 - m 6 t hy|. 7 -p.me t hylanili n oflu°rane 

an!h| l !l^ arnin0 "f" me, ^ y,7(o,p " c,lrriethy,anilino ^ ,uora ne 

3Dh| l rK^a rri l n0 "f’ me,hyl ‘ 7 ^ rT1 " trifluorome,h y | an i li n 0 )f l uorane 

l n'^ 0 " 6 ' methyl ' 7 ' (o ‘ chloroanilino ) ,luorane 
3-Dibutylamino-6-methyl-7-(p-chloroanilino)fluorane 

fn^! yamin ^ 6 ' me,hy| - 7 ' (o - fluoroanilin °)^or a ne 

S-D.butylamm^e-methy'^-jp-n.b^y'aHi^j^orane 

3-Dibutyiamino-6-methyl-7-n-octylaminofluorane 

3-Dibutylamino-6-chloro-7-anilinofluorane 

3-Dibutylamino-6-ethoxyethyl-7-anilinofluorane 

3-Di-n-pentylamino-6-melhyl-7-anilinofluorane 

3'Dinnon!^ arn - nO "f' rTletflyl7 " (0 ’ P " dirrietfly,anilin0 ) ,lu °rane 
3 D "n"nfn^ am - n °^" methyl " 7 ^ rT1 " ,rifluorornethylani| ino) f luorane 

?-n- ^ amin o ethy| - 7 - (0 ' ch,oroani ' i n 0 )f | uorane 

3-Di-n-pentylamino-6-methyl-7-(p-chloroanilino)fluorane 

g"p|L^l^-^^ y |^^^ no *^" a ^ at ^ yl " 7 "^°" f, ^ oro ® ni, ino^fluoran© 

3-Pyrrolidino-6-methyl-7-anilinofluorane 

3-Piperidino-6-methyl-7-anilinofluorane 

M^ n " PrOPylarnin0 ^' rnethyl ‘ 7 ‘ anil ' no,,u °rane 

3 ti - ,hprOPy,aniin0) " 6 " methy, ' 7 " ani,inofluoran e 

3jN«t!»ui"K!" ,S h?!k 1 f ,ylarriino ^^" iT,et ^" 7an ' iiri ^ uorane 

3 M " n l ^ rty am ' n0) ^ me#1yl ‘ 7 ' anilin0,,U0rane 

.tMM^\T' S f^ amin0) ^' methyl ' 7 - anilinofl ^ ra ne 

3"fN"ethvl~N"n'h a w| ar ^ in °\"^' r ^ et ^ ly, ' 7 '^° ,P " Pime ^ 1 ^^ ani ^^®^ L10ran ® 

N3^N-^r^i^"n^»^T in0 ^"f^ ne ^ 1y *" 7 ^ m '* r ^* UOrome ^ 17 * a, ^ lno ^* uorane 
3?n1^.k, ^ sm,n °)-6- a ’ e % | - 7 -(o- ch| oroanilino)fluorane 

3 ^ ^ M' l y ^ am ' n0) ' 6 ' methyl ‘ 7_anil ' no ) ,luo rane ' 

llN2'Mf^r ino) ^' chloro - 7 - aniiin °) ,iuorana 

3 fw' e |fy!' N ' p ' to 1 luidino)-S-methyl-7-anilinofluorane 

3 fN @tIft(!'N" P "^| U -^- n0) 6 ~ me, * 1yl " 7 "^ P " nlet ^ ylan '^ no ^* uorane 
3 fN^doh»!vrw ,y ^ r< i! Ul ^ lJry * arTlin0 ^" 6 " met,1y ^’ 7 ’ ani * lni: ^* U0rane 

^(N-cyctohexyl-N-meth/aminQj-^aniiinoffuorane 

3-(N-etfyl-N-3-methoxypropylamino)-6-methy)-7-anilinofluorane 
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3-(N-ethyi-N-3-ethoxypropylamino)-6-methyl-7-anilinofluorane 

2-{4-Oxahexyl)-3-dimethylamino-6-methyl-7-anilinofluorane 

2-(4-Oxahexyl)-3-diethylamino-6-methyl-7-anilinofluorane 

2- (4-Oxahexyl)-3-dipropylamino-6-methyt-7-anilinaf!uorane 

s 3-(4"-Aminostilbuldyl-4'-amino)-7,8-benzofuran _ 

3,6,6'-Tris(dimethylamino)spiro[fluorene-9,3'-phthalide] 

3,6,6’-Tris(diethylamino)spiro[fluorene-9,3'-phthalide] 

3- (4-Diethylamino-2-ethoxyphenyl)-3-(1-ethyl-2-methylindol-3-yl)-4-azaphthalide 
3-(4-Diethylamino-2-ethoxyphenyl)-3-(1-octyl-2-methylindol-3-yl)-4-azaphthalide 

10 3-(4-Diethytamino-2-n-hexylphenyl)-3-(1 -ethyl-2-methylindol-3-yl)-4-azaphthalide 

3-(4-Cyclohexylmethylamino-2-methoxyphenyl)-3-(1-ethyl-2-methylindal-3-yl)-4-azaphthalide 

3-(4-Cyclohexylethylamino-2-methoxyphenyl)-3-(1-ethyl-2-methylindol-3-yl)-4-azaphthalide 

3.3- Bis(1-ethyl-2-methylindol-3-yl)phthalide 

3.3- Bis(1 -methyl-2-octylindol-3-yf)phthalide 

is 3-(1 -Ethyl-2-methylindol-3-yl)-3-(1-n-butyl-2-methyiindol-3-yl)phthalide 

3.7- Bis(dimethyiamino)-10-benzoylphenothiazine 

3.7- Bis(dimethylamino)-N-[p-N-bis(4,4'-dimethylaminophenyl)methylamino]benzoyIphencithiazine 

3.7- Bis(dimethylamino)-N-[p-N-bis(4,4’-diethylaminophenyl)methyl]benzoylphenathiazine 

3.6- Bis(diethylamino)fluorane-r(2'-nitro)anilinolactam 

20 3,6-Bis(diethylamino)fluorane-r-(3'-nitro)anilinolactam 

3.6- Bis(diethylamino)fluorane-Y-(4’-nrtro)anilinolactam 

3.6- Bis(diethylamino)fluorane-y-anilinolactam. 

These dye precursors may be used alone or as mixtures of two or more types. Since fluorane type dye precursors 
25 are particularly high in stability of color development and ground color as basic functions of the thermal recording sheet, 
they can be preferably used in the present invention. Naturally, when thermal stability is important, a dye precursor 
which is high in melting point and decomposition temperature is preferable. When the reversible recording function is 
important, it is preferable to use 3-dimethyiamino-7-(m-trifluoromethylanilino)fluorane and the like, which is weak in 
image stability, can withstand repeated use, and is high in decomposition temperature. 

30 The binder usable in the present invention includes completely-hydrolyzed polyvinylacohol having a polymerization 

degree of 200 to 1900, partially-hydrolyzed polyvinylalcohol, carboxy-modified polyvinyl alcohol, amide-modified polyvi- 
nylalcohol, sulfonic acid-modified polyvinylalcohol, butyral-modified polyvinylalcohol, other modified polyvinylalcohols, 
styrene-maleic anhydride copolymer, styrene-butadiene copolymer, cellulose derivatives such as hydroxyethylcellu- 
lose, methylcellulose, caiboxymethylcellulose, ethyfcellulose and acetylcellulose, polyvinylchloride, polyvinylacetate, 
35 polyacrylamide, polyacrylic esters, polyvinylbutyral, polystyrene and copolymers thereof, polyamide resins, silicone res¬ 
ins, petroleum resins, terpene resins, ketone resins, and coumarone resins. Of these binders, the polyvinylalcohol type 
binder is preferable in terms of the dispersibility, binding properties, and thermal stability of ground color. For reversible 
recording, a binder which can with stand repeated use and is small in degradation is preferable. These binders are used 
by dissolving in solvents such as water, alcohol, ketone, ester, and hydrocarbon, emulsifying in water or other solvents. 
40 or dispersing to a paste form, and can be used in combination according to the quality requirements. 

in the present invention, when a thermal recording sheet which is particularly high in thermal stability of ground 
color is produced, it is better in principle not to use a sensitizer. When a sensitizer is used, it tends to melt at a drying 
temperature, and causes the dye precursor to react with the color developer to develop the ground color. However, on 
the other hand, since the sensitizer promotes the erasing function, when importance is attached to the erasing function 
45 rather than the thermal stability of ground color, that is, the reversible recording function, a sensitizer may be used. Sen¬ 
sitizers used for this purpose include 2-di(3-methylphenoxy)ethane, p-benzylbiphenyl, p-benzyloxynaphthalene, phenyl 
1-hydroxy-2-naphthoate, dibenzylterephthalate, benzyl p-benzylaxybenzoate, diphenylcarbonate, ditolylcarbonate, 4- 
biphenyl-p-tolylether, m-terphenyl, 1,2-diphenoxyethane. 1,2-bis(m-tolyloxy)ethane, di(p-methylbenzyl)oxalate, and 
di(p-chtorobenzyl)oxalate. 

so The filler used in the present invention includes inorganic fillers such as silica, calcium caibonate, kaolin, calcined 
kaolin, diatomaceous earth, talc, zinc oxide, titanium oxide, zinc hydroxide, and aluminum hydroxide; polystyrene- 
based organic fillers, styrene/butadiene-based organic fillers, styrene/acrylic-based organic fillers, and hollow organic 
fillers. 

In addition to the above, a release agent such as fatty acid metal salts, a slip agent such as waxes, benzophenoe 
55 or benzotriazole type ultraviolet absorbents, a water-resistant agent such as glyoxal, a dispersant, a defoamer, and the 
like can be used. 

Types and ratios of (a) the dye precursor, (2) the dimerized or trimerized urea compound, and other ingredients are 
determined by the required properties and recording adaptability, and are not specif icaily limited but, normally, based 
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is 


45 


50 


on one part of the dye precursor. 1 to 8 parts of the dimerized or trimerized urea compound and 1 to 20 carte of the 

hea/roTa^thermalhead^a't^Tsteimn 5 a S (-*r*f ''VT? * achieved by 1 "° methods ° ne method uses a 

^ witha feS^ed ^m^seS 6 Th ^^'Sod' Sera^e Is^prefe^lOoT 200^0 

ent can be a heat reaction products tteurea^StivS^^ 

9raP oi e th?^a7hS e '^ lybdenUm triSUlfide ’ b ' aCk titanium> and the like described in JP-A-3-86580. or cS^n S 
wfn absorb ®2 ts l,sted for a light source having continuous wavelength can also be used as well 

These optical absorbents may be used by: (a) a method in which the optical absoibent is simolv mixed in the matQ 

SS^SSSSSSSSS 

can b?rXlSrS ^ "" ^ " Hch COntains the ^ abs ^ 

The novel dimerized or trimerized urea compound according to the present invention is a color developer which is 


30 


35 
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superior in color development and ground color stability to heat and solvents as basic functions, and some types have 
a reversible recording function. The reason tor the superior ground color stability and the reversible recording function 
has yet to clarified. However, this is considered as follows: 

Depencfing on the condition, the dimerized or trimerized urea compound of the present invention changes in struc- 
5 ture as shown below. Since this change is a phenomenon similar to the keto/enol tautomerism, the structures are to 
referred here as the keto-form and the enol-form for convenience. 


10 


O 

II 

—NH—C—Nil— <-> 


OH 

I 

— N = C — 


NH — 


Keto-form Enol-form 


It is considered that the dimerized or trimerized urea compound must have the enol-form to function as a color 
so developer. Since enol-formation requires a high temperature, and the thermal head instantaneously provides a high 
temperature of 200 to 3000C, the urea compound contacting with the thermal head undergoes enol-formation to have 
a color developing function, opening the lactone ring of the dye precursor to develop a color. Therefore, the urea com¬ 
pound does not change until the enol-formation temperature is reached, does not react with the dye precursor, and the 
ground color remains unchanged. This would be the reason for the high heat resistance. Further, since the dimerized 
25 or trimerized urea compound increases the number of active hydrogens compared to a monourea compound, a good 
color developing function is obtained. 

On the other hand, if the thus produced enol-form converts to the keto-form for some reason, erasing would occur. 
Therefore, when the compound is provided with an appropriate temperature and head, or contacts with an alcoholic sol¬ 
vent, keto-formation occurs, resulting in erasing. Since enol-formation and keto-formation occur under quite different 
so conditions, the enol-form and the keto-form can be repeated under the individual conditions, thereby enabling reversible 
recording. 

The reason why the ground color is not changed by writing with an oil ink is considered as due to the fact that the 
dimerized or trimerized urea compound of the present invention is very low in solubility in the solvent used in the oil ink, 
and the dye precursor and the color developer are not substantially mixed with each other even when contacting the 
35 solvent. 

The invention will be further described in the Examples which follow. 

Examples 

40 Synthesis of dimerized and trimerized urea compounds 

Dimerized and trimerized urea compounds were synthesized by the following synthetic methods. General synthetic 
methods are shown below. 

45 Synthesis Example 1 

A monoisocyanate compound (2.2 eq.) was dissolved in ethyl acetate (or acetone). Into the solution, a solution of 
a diamine compound (1.0 eq,) in ethyl acetate (or acetone) was dropped. After stirring for a predetermined time, gen¬ 
erated precipitate was filtered, and washed with ethyl acetate, n-hexane, hot water, and methanol in this order until 1 
so spot was obtained on TLC (thin layer chromatograph) to obtain a urea compound. 

Synthesis Example 2 

A diisocyanate compound (1.0 eq.) was dissolved in ethyl acetate (or acetone). Into the solution, a solution of a 
55 monoamine compound (2.2 eq.) in ethyl acetate (or acetone) was dropped. After stirring for a predetermined time, gen¬ 
erated precipitate was filtered, and washed with ethyl acetate, n-hexane, hot water, and methanol in this order until 1 
spot was obtained on TLC to obtain a urea compound. 
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Synthesis Example 3 

A triisocyanate compound (1.0 eq.) was dissolved in ethyl acetate (or acetone). Into the solution, a solution of a 
monoamine compound (3.3 eq.) in ethyl acetate (or acetone) was dropped. After stirring for a predetermined time, gen- 
5 erated precipitate was filtered, and washed with ethyl acetate, n-hexane, hot water, and methanol in this order until 1 
spot was obtained on TLC to obtain a urea compound. 

Production of thermal recording sheet 

to In the following description, unless otherwise noted, part and % indicate part by weight and % by weight, respec¬ 
tively. 

Examples 1-48 

is As shown below, thermal recording sheets were produced using 3-N,N-diethylamino-6-methyl-7-anilinofluorane 
(ODB) as a dye precursor and the dimerized urea compound (or trimerized urea compound) of the present invention 
(Table 1, Table 2, Table 3) as a developer. 

Specifically, a color developer dispersion (Solution A) and a dye precursor dispersion (Solution B) of the following 
compositions were milled by a sand grinder to an average particle diameter of 1 micron. 
zo 

(Solution A: color developer dispersion) 


Inventive dimerized urea compound (or trimerized urea compound) 

6.0 parts 

10% Aqueous polyvinylalcohol solution 

18,8 

Water 

11.2 


30 (Solution B: dye precursor dispersion) 


3-N, N-diethylamino-6-methyl-7-anilinofluorane (ODB) 

2.0 parts 

10% Aqueous polyvinylalcohol solution 

4.6 

Water 

2.6 


Then, the Solution A (color developer dispersion), the Solution B (dye precursor dispersion), and a kaolin clay dis- 
40 persion were mixed in the following ratio to obtain a coating color. 


Solution A (color developer dispersion) 

36.0 parts 

Solution B (dye precursor dispersion) 

9.2 

Kaolin clay (50% dispersion) 

12.0 


The coating color was coated on one side of a 50 g/m 2 base paper to a coating coverage of 6.0 g/m 2 , dried, and 
so supercalendered to a flatness of 500 to 60 seconds to obtain a thermal recording sheet. 

Examples 49-56 

Thermal recording sheets were produced using the dye precursors other than ODB and using the same procedure 
5s as in Examples 1-48 (Table 5). 


44 






EP0 63314SB1 


(Dye precursor) 

ODB-2: 3-N,N-dibutylarnino-6-methyl-7-anilinafluorane 

CVL: 3,3-bis(p-dimethylaminophenyl)-6-methyl-7-nilinophthalide 

s NEW-Blue: 3-(4-diethylamino-2-ethoxyphenyl)-3-(1 -ethyl-2-methylindol-3-yl)-4-azaphthalide 
1 -red: 3,3-bis( 1 -ethyl-2-methylindol-3-yl)phthalide 

First, a dye precursor dispersion (Solution C) of the following composition was milled by a sand grinder to an aver¬ 
age particle diameter of 1 micron. 

10 

(Solution C: dye precursor dispersion) 


Above dye precursor 

2.0 parts 

10% Aqueous polyvinylalcohol solution 

4.6 

Water 

2.6 


so Then, the color developer dispersion used in Example 4 (or Example 6), Solution C, and a kaolin clay dispersion 
were mixed in the following ratio to obtain a coating color. 



Color developer dispersion of Example 6 using the compound A8 (or color developer dispersion of 

36.0 part 

25 

Example 4 using the compound A6) 



Solution C: dye precursor dispersion 

9.2 


Kaolin clay (50% dispersion) 

12.0 


30 

The coating color was coated on one side of a SOg/m 2 base paper in an amount of 6.0 g/m 2 and dried, and the 
sheet was supercalendered to a flatness of 500 to 600 seconds to obtain a thermal recording sheet 

Comparative Examples 1-7 

35 

Thermal recording sheets for comparative tests were prepared usin g the known compounds shown below as color 
developers and using the same procedure as in Examples 1 -48. 


40 


45 


so 
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(Table 4) 

(Known color developer compounds) 

Bisphenol A (Bl) 

Bisphenol S (B2) 

4-Hydroxy-4' -iso-propoxydiphenylsulfone (B3) 
4-Hydroxy-4‘-n-propoxydiphenylsulfone (B4) 

Phenylurea (B5) described in Japanese OPF 58-211496 
Dimerized urea (B6) described in Japanese OPI 5-147357 
Amidephenol derivative (B7) 


20 


25 


30 


35 


40 


45 


CH 3 

ho ~<2H^o>- oh «i 

CH 3 

H0^g>S0 2 -^0H 

C H 

H0 ~ < (Q)~ S0 2 -^5)-0-Cri (B 3) 

CH 3 

H0 #SO 2 -<QXo-,C 4 H 9 CB4) 


so 
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5 



o 

II 

NH-C-NH 2 


CBS) 


10 


15 


CH 3 "<§)~ S0 2 - NH -£- NH -< 0 \ 

0 / 

CH 3 "^§)" S0 2 - nh “ C - NH -^ Q / 


(DG) 


0 


20 


CH 3 <CH 2 ) , 0 -C-NH-(^>-OH (B7) 


25 Specifically, dispersions of the above individual known color developer compounds of the following composition 
were milled by a sand grinder to an average particle diameter of 1 micron. 

(Solution 0: color developer dispersion) 


Known color developer compound (B1-B7) 

6.0 parts 

10% Aqueous polyvinylalcohol solution 

18.8 

Water 

11.2 


Then, Solution D (color developer dispersion), the dye precursor (ODB) dispersion (Solution B) used in Examples 
1 -48, and a kaolin clay dispersion were mixed in the following ratio to obtain a coating color. 


Solution D: color developer dispersion 

36.0 parts 

Solution B: dye precursor dispersion (ODB dispersion) 

9.2 

Kaolin clay (50% dispersion) 

12.0 


The coating color was coated on one side of a 50g/m 2 base paper in an amount of 6.0 g/m 2 and dried, and the 
sheet was supercalendered to a flatness of 500 to 600 seconds to obtain a thermal recording sheet 

so Comparative Examples 8-9 

Thermal recording sheets for comparative tests were prepared using bisphenol A as a color developer, and ODB- 
2 and NEW-BLUE and using the same procedure as in Examples 49-56. (Table 5) 

55 Evaluation of Thermal Recording Sheets 

The resulting thermal recording sheets were tested for basic properties by a recordability test using a thermal 
printer, a ground color thermal stability test, and an oil ink adaptability test. 


47 





EP 0 633 145 B1 


Recordability test (dynamic color developing density): 

To test the recording adaptability, the thermal recording sheet was recorded using a word processor printer (RUPO- 
90F: Trade mark of word processor made by Toshiba co,. ltd.) at a maximum energy, and the recorded portion was 
5 measured by a Macbeth densitometer (RD-914, an amber filter used. Hereinafter density was measured in this condi¬ 
tion). In this case, the greater the Macbeth value, the higher the recording density and the better the recording adapta¬ 
bility. 

Ground color thermal stability test (static color developing density): 

10 

To test the thermal stability of ground color, the recording sheet was pressed against a hot plate heated individually 
at 90°C, 120°C. and 150°C at a pressure of 10g/cm 2 for 5 seconds, and the treated sheet was measured by a Macbeth 
densitometer. In this case, the smaller the Macbeth value, the smaller the coloring of ground color and the higher the 
thermal stability of ground color. 

15 

Oil ink adaptability test (discoloration of ground color by oil ink): 

The recording sheet was written with a felt pen of red oil ink (Magic INK No. 900/Teranishi Kagaku co,. ltd.), and 
visually measured for a degree of discoloration compared to a conventional red ink. 

20 

A: No discoloration 

B: Little discoloration 

C: Slight discoloration 

D: Considerable discoloration 

25 

The evaluation results of the basic properties of Examples 1 -56 using the dimerized or trimerized urea compounds 
of the present invention as color developers, and Comparative Examples 1 -9 using the conventional color developer 
compound are shown in Tables 1 to 5. 


so 
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Table 1 



35 


40 


45 


50 


55 
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Table 3 


Entry 

Color developer 

Ground color 
before recording 

Recordability 

test 

Thermal stability of ground color 

Oil ink adaptabil¬ 
ity 





90°C 

120°C 

150°C 


Ex. 33 

A79 

0.05 

0.85 

0.05 

0.06 

0.12 

A 

Ex. 34 

A82 

0.12 

0.80 

0.12 

0.13 

0.14 

A 

Ex. 35 

A90 

0.03 

0.85 

0.03 

0.04 

0.05 

A 

Ex. 36 

A92 

0.03 

0.85 

0.03 

0.03 

0.03 

A 

Ex. 37 

A100 

0.02 

1.14 

0.02 

0.04 

0.05 

A 

Ex. 38 

A101 

0.03 

1.09 

0.03 

0.04 

0.05 

A 

Ex. 39 

A103 

0.02 

0.90 

0.03 

0.04 

0.06 

A 

Ex. 40 

A104 

0.02 

0.92 

0.02 

0.04 

0.28 

A 

Ex. 41 

A111 

0.03 

1.00 

0.03 

0.04 

0.05 

A 

Ex. 42 

A112 

0.04 

0.81 

0.04 

0.04 

0.05 

A 

Ex . 43 

A120 

0.05 

0.82 

0.05 

0.05 

0.08 

A 

Ex. 44 

A124 

0.02 

0.74 

0.03 

0.04 

0.05 

A 

Ex. 45 

A186 

0.04 

1.07 

0.04 

0.04 

0.04 

A 

Ex. 46 

A200 

0.02 

1.16 

0.02 

0.03 

0.05 

A 

Ex. 47 

A201 

0.03 

1.03 

0.03 

0.04 

0.05 

A 

Ex. 48 

A203 

0.04 

1.03 

0.05 

0.07 

0.09 

A 

Note: OC 

>B used as a dye 
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Table 4 


Entry 

Color devel- 

Ground color 

Recordability 

Thermal stability of ground color 

Oil ink adapta- 

oper 

before record- 

test 




bility 



ing 










90°G 

120°C 

150°C 


Comp.Ex.1 

B1 

0.06 

1.44 

0.21 

1.51 

1.53 

D 

Comp. Ex. 2 

B2 

0.06 

1.30 

0.08 

0.21 

0.58 

D 

Comp. Ex. 3 

B3 

0.04 

1.50 

0.13 

1.55 

1.56 

D 

Comp. Ex. 4 

B4 

0.04 

1.52 

0.04 

0.13 

1.55 

D 

Comp. Ex. 5 

B5 

0.03 

1.01 

0.04 

0.06 

0.94 

A 

Comp.Ex.6 

B6 

0.06 

1.14 

0.07 

0.11 

1.02 

A 

Comp.Ex.7 

B7 

0.07 

0.79 

0.08 

0.49 

0.68 

C 

Note: ODB used as a dye 
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Table 5 


5 

Entry 

Dye 

Color 

developer 

Ground 

color 

before 

recording 

Recordabil- 
ity test 

Thermal stability of ground color 

Oil ink 
adaptabil¬ 
ity 







90"C 

120°C 

150°C 


10 

Ex.49 

ODB-2 

A8 

0.05 

1.26 

0.05 

0.05 

0.07 

A 


Ex.50 

CVL 

A8 

0.03 

0.82 

0.03 

0.04 

0.05 

A 


Ex.51 

NEW-Blue 

A8 

0.07 

0.98 

0.07 

0.08 

0.10 

A 

15 

Ex.52 

l-red 

A8 

0.03 

1.02 

0.03 

0.05 

0.06 

A 

Ex.53 

ODB-2 

A6 

0.05 

1.30 

0.05 

0.06 

0.07 

A 


Ex.54 

CVL 

A6 

0.04 

0.84 

0.04 

0.05 

0.06 

A 


Ex.55 

NEW-Blue 

A6 

0.08 

0.90 

0.08 

0.09 

0.09 

A 

20 

Ex.56 

l-red 

A6 

0.03 

0.80 

0.03 

0.05 

0.06 

A 


Com. Ex. 8 

ODB-2 

B1 

0.05 

1.30 

0.27 

1.31 

1.36 

D 


Com. Ex. 9 

NEW-Blue 

B1 

0.04 

1.34 

0.29 

1.33 

1.39 

D 


25 

Then, to test tor additional properties, the thermal recording sheet was subjected to a heat lamination test and a 
reversible recording test. 


Heat lamination test (preparation of laminated recording sheet): 

30 

Using a simple lamination apparatus (MS Pouch H-140/ Meiko Shokai), the thermal recording sheet was put 
between pouch films to prepare a laminated thermal recording sheet, and the ground color thereof was measured by a 
Macbeth densitometer. In this case, the smaller the Macbeth value shows the better the ground color stability. In other 
words, the sheet can be laminated without coloring. The thermal recording sheet using the dimerized or trimerized urea 
35 compound of the present invention was able to be laminated with a stable ground color. 

Reversible recording test: 

As in the recondability test, the thermal recording sheet was recorded by a word processor printer, the recorded 
to sheet was passed between f 80°C heat rolls at a speed of 30mm/sec, and the recorded portion and the ground color 
portion were measured by a Macbeth densitometer. In this case, the smaller the Macbeth value of the recorded portion 
shows the higher the erasability. After that, the sheet was again recorded by the word processor printer, and the 
recorded portion was measured for Macbeth density. 

Evaluation results of additional properties of the Examples using the dimerized or trimerized urea compound of the 
45 present invention as a color developer and Comparative Examples 1-8 using a known color developer compound are 
shown in Tables 6 to 9. 


so 
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Table 6 


5 

Entry 

Color developer 

Heat lamina¬ 
tion test 

Reversible recordability test 

Re-recording 




Recorded por¬ 
tion 

Erasing 
(Recorded por¬ 
tion 

Ground color) 


10 

Ex. 1 

A3 

0.10 

1.34 

0.20 

0.04 

1.31 


Ex. 2 

A4 

0.11 

1.12 

0.13 

0.04 

1.09 


Ex. 3 

A5 

0.12 

1.28 

0.18 

0.04 

1.24 

15 

Ex. 4 

A6 

0.11 

1.26 

0.16 

0.04 

1.24 


Ex. 5 

A7 

0.12 

1.35 

0.19 

0.05 

1.27 


Ex. 6 

A8 

0.11 

1.21 

0.14 

0.04 

1.19 


Ex. 7 

A10 

0.12 

1.15 

0.14 

0.04 

1.10 

20 

Ex. 8 

A12 

0.11 

1.16 

0.32 

0.16 

1.11 


Ex. 9 

A14 

0.14 

1.28 

0.13 

0.06 

1.20 


Ex. 10 

A15 

0.10 

1.16 

0.37 

0.04 

1.11 

25 

Ex. 15 

A31 

0.12 

1.15 

0.20 

0.04 

1.10 


Ex. 16 

A32 

0.12 

1.24 

0.19 

0.04 

1.18 


Ex. 17 

A33 

0.13 

0.92 

0.22 

0.06 

0.88 


Ex. 18 

A34 

0.10 

0.91 

0.13 

0.04 

0.86 

30 

Ex. 19 

A49 

0.14 

1.22 

0.19 

0.04 

1.19 

- 

Note: Oub used as a aye - 
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Entry Color developer Heat lamination 

test 






Note: ODB used as a dye 



Reversible recordability test 

Recorded por¬ 
tion 

Erasing 
(Recorded por¬ 
tion 

Ground color) 





Re-recording 





Color devel- Heat lamination 
oper 



Recorded por¬ 
tion 


Reversible recordability test 
3or - Erasing Groundcolor) 


Erasing 

(Recorded 

portion 


Note: ODB used as a dye 


Re-recording 



















EPO 633145 B1 


Table 9 


5 

Entry 

Dye 

Color 

developer 

Heat lamina¬ 
tion 

Revers. recondabilrty test 

Re-recording 






Recorded- 

Erasing 

(Recorded 

portion 

Ground 

color) 



Ex. 49 

ODB-2 

A8 

0.09 

1.26 

0.10 

0.05 

1.25 

10 

Ex. 50 

CVL 

A8 

0.10 

0.82 

0.11 

0.05 

0.80 


Ex. 51 

NEW-BLUE 

AS 

0.10 

0.98 

0.09 

0.05 

0.98 


Ex. 52 

l-red 

AS 

0.11 

1.02 

0.15 

0.06 

0.98 

15 

Comp. Ex.8 

ODB-2 

B1 

1.84 

1.30 

1.56 

1.48 



Comp. Ex.9 

NEW-BLUE 

B1 

1.79 

1.34 

1.49 

1.43 

-- 


Example 57 

The thermal recording sheet of Example 1 was subjected to 100 repetitions of a reversibility test by a heat roll. The 
Macbeth densities of the recorded portion and ground color of the 100th time were 1.20 and 0.07, respectively. 

Example 58 

The thermal recording sheet of Example 3 was subjected to 100 repetitions of a reversibility test by a heat roll. The 
Macbeth densities of the recorded portion and ground color of the 100th time were 1.18 and 0.07, respectively. 

Example 59 

The thermal recording sheet of Example 4 was subjected to 100 repetitions of a reversibility test by a heat roll. The 
Macbeth densities of the recorded portion and ground color of the 100th time were 1.04 and 0.08, respectively. 

Example 60 

The thermal recording sheet of Example 6 was subjected to 100 repetitions of a reversibility test by a heat roll. The 
Macbeth densities of the recorded portion and ground color of the 100th time were 1.09 and 0.08, respectively. 

Example 61 

The thermal recording sheet of Example 49 was subjected to 100 repetitions of a reversibility test by a heat roll. The 
Macbeth densities of the recorded portion and ground color of the 100th time were 1.12 and 0.07, respectively. 

Example 62 

The thermal recording sheet of Example 51 was subjected to 100 repetitions of a reversibility test by a heat roll. The 
Macbeth densities of the recorded portion and ground color of the 100th time were 0.94 and 0.09, respectively. 

Example 63 

The thermal recording sheet of Example 56 was subjected to 50 repetitions of a reversibility test by a heat roll. The 
Macbeth densities of the recorded portion and ground color of the 50th time were 0.76 and 0.11, respectively. 

Example 64 

The thermal recording sheet of Example 3 was recorded by a word processor printer, and the recorded surface was 
wiped out with ethanol. The recorded portion had a Macbeth density of 0.23. 
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Example 65 


The thermal recording sheet of Example 9 was recorded by a word processor printer, and the recorded surface was 
wiped out with ethanol. The recorded portion had a Macbeth density of 0.16. 

Example 66 


The thermal recording sheet of Example 18 was recorded by a word processor printer, and the recorded surface 
was wiped out with ethanol. The recorded portion had a Macbeth density of 0.19. 

Example 67 


The thermal recording sheet of Example 3 was toner recorded by a copier (NP6060/ Canon co,. ltd). No change in 
the ground color was noted. 

Example 68 


The thermal recording sheet of Example 5 was toner recorded by a copier (NP6060/ Canon co,. ltd). No change in 
the ground color was noted. 

Example 69 


The thermal recording sheet of Example 28 was toner recorded by a copier (NP6060/ Canon co,. ltd). No change 
in the ground color was noted. 

25 

Example 70 

The thermal recording sheet of Example 53 was toner recorded by a copier (NP6060/ Canon co,. ltd). No change 
in the ground color was noted. Production of Thermal recording sheet containing the optical absorbent. 

30 

Examples 71 -77 

As described above, an optical recording sheet was produced using 3-N,N-diethylamino-6-methyl-7-anilinofluorane 
(ODB) as a dye precursor, the dimerized urea compound (or the trimerized urea compound) of the present invention as 
35 a color developer, and a heat melt (optical absorbent A) of a bis-dithiobenzytnickel complex and a sensitizer as an opti¬ 
cal absorbent. (Table 10) 

Specifically, 94 parts of 4-biphenyl-9-toly!ether was mixed with 6 parts of bi-dithiobenzylnickel complex, heated to 
100 to 150°C to melt, and then crushed to obtain an optical absorbent. An optical absorbent dispersion of the following 
composition was milled by a sand grinder to an average particle diameter of 1 micron. 

40 

(Solution E: optical absorbent dispersion) 


Optical absorbent 

4.0 parts 

10% Aqueous polyvinylalcohol solution 

10.0 

Water 

6.0. 


bo Then, the color developer dispersion (Solution A) used in Examples 1-48, the dye precursor (ODB) dispersion 
(Solution B) used in Examples 1-48, Solution E (optical absorbent dispersion), and a kaolin clay dispersion were mixed 
in the following ratio to obtain a coating color. 
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Solution A (color developer dispersion) 

36.0 parts 

Solution B (dye precursor dispersion) 

9.2 

Solution E (optical absorbent dispersion) 

20.0 

Kaolin clay (50% dispersion) 

12.0 


io The coating color was coated on one side of a 50g/m 2 base paper in an amount of 6.0 g/m 2 and dried, and the 
sheet was supercalendered to a flatness of 500 to 600 seconds to obtain an optical recording sheet. 

Examples 78-81 

is An optical recording sheet was produced using NK-2612 (Nippon Kanko Shikiso Kenkyusho) (optical absorbent B) 
as an optical absorbent in place of the heat melt of bis-dithiobenzylnickel complex and a sensitizer. (Table 10) 

First, the following aqueous optical absorbent solution was prepared. 

(Solution F: aqueous optical absorbent solution) 


25 


NK-2612 

0.04 parts 

Water 

3.96. 


Then, the color developer dispersion (Solution A) used in Examples 1-48, the dye precursor (ODB) dispersion 
(Solution B) used in Examples 1 -48, Solution E (optical absorbent dispersion), and a kaolin clay dispersion were mixed 
in the following ratio to obtain a coating color. 


Solution A (color developer dispersion) 

36.0 parts 

Solution B (dye precursor dispersion) 

9.2 

Solution F (optical absorbent solution) 

4.0 

Kaolin clay (50% dispersion) 

12.0 


The coating color was coated on one side of a SOg/nfbase paper in an amount of 6.0 g/m 2 and dried, and the sheet 
was supercalendered to a flatness of 500 to 600 seconds to obtain an optical recording sheet 

40 

Examples 82-84 

An optical recording sheet was produced using toluenedithiolnickel complex (optical absorbent C) as an optical 
absorbent in place of the heat melt of bis-dithiobenzylnickel complex and a sensitizer. 

4 s First, an optical absorbent dispersion (Solution Q) was milled by a sand grinder to an average particle diameter of 

1 micron. 

(Solution G: optical absorbent color developer dispersion) 


Compound A6 (or compound A8 or A66) 

6.0 parts 

Toluenedithiolnickel complex 

1.0 

10% Aqueous polyvinylalcohol solution 

18.8 

Water 

10.2. 


Then, the optical absorbent color developer dispersion (Solution G) the dye precursor (ODB) dispersion (Solution 
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B) used in Examples 1 -48, and a kaolin clay dispersion were mixed in the following ratio to obtain a coating color. 


Solution G (optical absorbent color developer dispersion) 

36.0 parts 

Solution B (dye precursor dispersion) 

9.2 

Kaolin day (50% dispersion) 

12.0 


io The coating color was coated on one side of a 50g/m 2 base paper in an amount of 6.0 g/m 2 and dried, and the 
sheet was supercalendered to a flatness of 500 to 600 seconds to obtain an optical recording sheet. 

Examples 85-86 

is Using ODB-2 or NEW-Blue as a dye precursor in place of ODB, the same procedure as in Examples 71-77 was 
used to obtain an optical recording sheet. 

Examples 87-88 

20 Using ODB-2 or NEW-Blue as a dye precursor in place of ODB, the same procedure as in Examples 78-81 was 
used to obtain an optical recording sheet. 

Examples 89-90 

25 Using NEW-Blue or l-red as a dye precursor in place of ODB, the same procedure as in Examples 82-84 was used 
to obtain an optical recording sheet. 

Evaluation of optical recording sheets 

30 The resulting optical recording sheets were subjected to a recondability test. 

Recordability test (optical recording): 

Using a laser plotter described in Japanese OPI3-239598, the optical recording sheet was irradiated with a laser 
35 light and the recorded portion was measured by a Macbeth densitometer. Using a 30 mW semiconductor laser 
LT015MD (Sharp) with an oscillation wavelength of 830 nm as a recording light sources, an aspheric plastic lens 
AP4545 (Kbnica) with a numerical aperture of 0.45 and a focal length of 4.5 mm as an optical converging lens, a record¬ 
ing speed of 50 mm/sec, and a recording interval of 50 microns, a 1 cm square overall recording was obtained. The 
evaluation results are shown in Table 10. 

40 
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Table 10 


Entry 

Color developer 

Dye 

Optical absorbent 

Recondability test 

Example 71 

Compound A3 

ODB 

Absorbent A 

1.38 

Example 72 

Compound A6 

ODB 

Absorbent A 

1.28 

Example 73 

Compound A8 

ODB 

Absorbent A 

1.25 

Example 74 

Compound A19 

ODB 

Absorbent A 

1.40 

Example 75 

Compound A39 

ODB 

Absorbent A 

1.00 

Example 76 

Compound A49 

ODB 

Absorbent A 

1.22 

Example 77 

Compound A68 

ODB 

Absorbent A 

1.02 

Example 78 

Compound A6 

ODB 

Absorbent B 

1.26 

Example 79 

Compound A7 

ODB 

Absorbent B 

1.33 

Example 80 

Compound A16 

ODB 

Absorbent B 

1.10 

Example 81 

Compound A63 

ODB 

Absorbent B 

1.04 

Example 82 

Compound A6 

ODB 

Absorbent C 

1.27 

Example 83 

Compound A8 

ODB 

Absorbent C 

1.26 

Example 84 

Compound A66 

ODB 

Absorbent C 

1.01 

Example 85 

Compound A6 

ODB 

Absorbent A 

1.27 

Example 86 

Compound A6 

ODB 

Absorbent A 

1.02 

Example 87 

Compound A6 

ODB 

Absorbent B 

1.26 

Example 88 

Compound A6 

ODB 

Absorbent B 

1.00 

Example 89 

Compound A6 

ODB 

Absorbent C 

1.01 

Example 90 

Compound A8 

ODB 

Absorbent C 

0.98 

Absorbent A: bis-dithiobenzylnickel complex/sensitizer 

Absorbent B: NK-2612 

Absorbent C: toluenedithiolnickel complex 


As described above, it can be seen that the dimerized or trimerized urea compound of the present invention is an 
40 epoch-making color developer that can provide a recording with a practical image density by a thermal head or the like 
while without a substantial change in ground color at environmental temperatures of 120 to 150°C. Therefore, the 
present inventioh has the following effects. 

(1) A thermal recording sheet superior in storage stability such as heat resistance and solvent resistance compared 
45 to conventional thermal recording sheets. 

(2) The thermal recording sheet can be used under severe conditions (e.g. at temperatures of 90-150°C) at which 
conventional products could not be used. 

(3) Since the thermal recording sheet does not undergo discoloration when written with an oil ink, it can be freely 
written using these writing means. 

so (4) The thermal recording sheet can be simply heat laminated by a simple laminator or the like. Cards and the like 
can also be easily prepared. 

(5) The thermal recording sheet can be toner recorded since the ground color is stable even when passed through 
a heat roll. 

Further, the thermal recording sheet having an erasing function has the following advantages: 
ss (6) A new recording system, which enables repeated color recording and erasing, which leads to resource-saving. 

(7) Some types of the sheet can be erased merely by passing through a heat roll, without strict temperature control. 

(8) Unlike liquid crystals, the thermal recording sheet can be used a simple display means that can be recorded 
and erased using different thermal energies. 
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The thermal recording sheet of the present invention can also be incorporated with an optical absorbent for use as 
an optical recording sheet having similar effects. 


Claims 

1. A thermal recording sheet which comprises a thermal recording layer comprising a colourless or pale coloured dye 
precursor and a colour developer, which colour developer is a urea compound which comprises at least two groups 
of Formula (I): 



wherein X is C r C 12 alkyl, halogenated C r C 6 alkyl, C 7 -C 14 aralkyl, C r C 12 alkoxy, C 6 -Ci 2 aryloxy, C 2 -Ci 2 alkoxy- 
20 carbonyl, acyl, C 2 -C 12 dialkylamino, C 7 -C 12 arylalkylamino, C 6 -C 12 arylamino, C r C 12 acylamino, nitro, 

cyano, a halogen or hydrogen, and n is an integer of 1 to 3. 

2. A thermal recording sheet according to claim 1 wherein the colour developer is a urea compound of Formula (2). 
(3) or (4) 

25 
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( 4 ) 


40 

wherein X is as defined in claim 1, A is a divalent group comprising 30 or less carbon atoms, B is a trivalent group 
comprising 30 or less carbon atoms and n is an integer from 1 to 3. 

45 3. A thermal recording sheet according to claim 1 wherein the color developer is a urea compound of Formula (5) 




55 


wherein X is as defined in claim 1, n is an integer from 1 to 3, and m is an integer from 1 to 12. 


4. A thermal recording sheet according to claim 2 wherein the divalent group (A) of the color developer of Formula (3) 
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comprises: 

(a) a branched chain alkylene group having from 1 to 15 carbon atoms; 

(b) two or more alkytene groups having from 1 to 12 carbon atoms, the alkylene groups being linked to each 

s other via nitrogen or oxygen atoms; 

(c) a group containing at least one substituted or unsubstituted cycloalkyl group having from 3 to 20 carbon 
atoms; 

(d) a group having one substituted or unsubstituted aromatic ring having from 6 to 20 carbon atoms; 

(e) a group having at least two aromatic rings, each of which may be substituted or unsubstituted, which group 

io has from 12 to 30 carbon atoms; or 

(f) a group containing a substituted or unsubstituted piperazine ring and having from 4 to 12 carbon atoms. 

5. An optical recording sheet which comprises a thermal recording sheet according to any one of claims 1 to 4 and an 
optical absorbent 

(5 

6. A thermal recording card which comprises a thermal recording sheet according to any one of claims 1 to 4 or an 
optical recording sheet according to claim 5, the said thermal or optical sheet being laminated with a plastic film. 

7. An electrophotographic transfer sheet which comprises a thermal recording sheet according to any one of claims 
so 1 to 4 or an optical recording sheet according to claim 5. 

8. A method of reversibly recording an image on a substrate, which method comprises 

recording an image on a thermal recording sheet as defined in any one of claims 1 to 4 or an optical recording 
2 s sheet as defined in claim 5; 

erasing the recorded image by applying respectively heat or light to the recorded portion; 
and recording an image again on the said sheet 

9. A method of reversibly recording an image on a substrate, which method comprises 

30 

recording an image on a thermal recording sheet as defined in any one of claims 1 to 4 or an optical recording 
sheet as defined in claim 5; 

contacting the recorded portion with an alcoholic solvent to erase the recorded image; 
and recording an image again on the said sheet. 

35 

Patentanspruche 

1. Warmeempfindliches Aufzeichnungsblatt, das eine warmeempfindliche Aufzeichnungsschicht umfafit, die einen 
farblosen Oder schwach gefarbten Farbstoffvoriaufer und einen Farbentwickier umfaBt, wobei der Farbentwickler 
*o eine Harnstoffverbindung ist, die mindestens zwei Gruppen der Formel (1) umfaBt: 



so worin X C r C 12 -Alkyl, halogeniertes C r C 6 -Alkyl, C 7 -C 14 -Aralkyl, C,-C 12 -Alkoxy, C 6 -C 12 -Aryloxy, C 2 -C 12 -Alkoxy- 
carbonyl, C-|-C 12 -Acyl, C 2 -C 12 -Dialkylamino, C^C-^-Arylalkylamino, C 6 -C 12 -Arylamino, Ci-C 12 -Acylamino, Nitro, 
Cyan, ein Halogen Oder Wasserstoff ist, und n eine ganze Zahl von 1 bis 3 bedeutet. 

2. Warmeempfindliches Aufzeichnungsblatt nach Anspruch 1, dadurch gekennzeichnet, daB der Farbentwickler eine 
55 Harnstoffverbindung der Formel (2), (3) Oder (4) ist 
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worin X die im Anspruch 1 angegebene Bedeutung besitzt, A eine zweiwertige Gruppe mit 30 Oder weniger Koh- 
lenstoffatomen ist, B eine dreiwertige Gruppe mit 30 Oder weniger Kohlenstoffatomen ist und n eine ganze Zahl von 
45 1 bis 3 bedeutet. 

3. Warmeempfindliches Aufzeichnungsblatt nach Anspruch 1, dadurch gekennzeichnet, daB der Farberrtwickler eine 
Harnstoffverbindung der Formel (5) ist 
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worin X die in Anspruch 1 angegebene Bedeutung besitzt, n eine ganze Zahl von 1 bis 3 ist, und m eine ganze Zahl 
von 1 bis 12 ist 

4. Warmeempfindliches Aufzeichnungsbiatt nach Anspruch 2, dadurch gekennzeichnet, daB die zweiwertige Gruppe 
s (A) des FarbentwickJers der Formel (3) umfaBt: 

(a) eine verzweigtkettige Alkylengruppe mit 1 bis 15 Kohlenstoffatomen; 

(b) zwei Oder mehrere Alkylengrippen mit 1 bis 12 Kohlenstoffatomen, wobei die Alkylengruppen miteinander 
fiber Stickstoff- Oder Sauerstoffatome gebunden sind; 

io (c) eine Gruppe, die mindestens eine substituierte Oder unsubstituierte Cydoalkylgruppe mit 3 bis 20 Kohlen¬ 

stoffatomen errthait; 

(d) eine Gruppe, die einen substituierten oder unsubstituierten aromatischen Ring mit 6 bis 20 Kohlenstoffato¬ 
men besitzt; 

(e) eine Gruppe, die mindestens zwei aromatische Rings besitzt. von denen jeder substituiert Oder unsubsti- 

15 tuiert sein kann, wobei die Gruppe 12 bis 30 Kbhlenstoffatome besitzt; Oder 

(f) eine Gruppe, die einen substituierten Oder unsubstituierten Piperazinring enthait und 4 bis 12 Kohlenstoff- 
atome besitzt 

5. Optisches Aufzeichnungsbiatt, das ein warmeempfindliches Aufzeichnungsbiatt nach einem der Ansprfiche 1 bis 4 

20 und einen optischen Absorber umfaBt 

6. Warmeempfindliche Aufzeichnungskarte, die ein warmeempfindliches Aufzeichnungsbiatt nach einem der Ansprfi¬ 
che 1 bis 4 oder ein optisches Aufzeichnungsbiatt nach Anspruch 5 umfaBt, wobei das wdrmeempfindliche Oder 
optische Blatt mit einem Kunststoffilm laminiert ist. 

25 

7. Elektrophotographisches Obertragungsblatt, das ein warmeempfindliches Aufzeichnungsbiatt gemSB einen der 
Ansprfiche 1 bis 4 oder ein optisches Aufzeichnungsbiatt nach Anspruch 5 umfaBt 

8. Verfahren zur reversiblen Aufzeichnung eines Bildes auf einem Substrat, dadurch gekennzeichnet, da 13 das Verfah- 

30 ren umfaBt: 

Aufzeichnen eines Bildes auf einem warmeempfindlichen Aufzeichnungsbiatt nach einem der Ansprfiche 1 bis 
4 oder einem optischen Aufzeichnungsbiatt nach Anspruch 5; 

Ausldschen des aufgezeichneten Bildes durch Applikation von Hitze Oder Licht auf dem mit der Aufzeichnung 
35 versehenen Teii; 

und wiederholte Aufzeichnung eines Bildes auf dem Blatt. 

9. Verfahren zur reversiblen Aufzeichnung eines Bildes auf einem Substrat, dadurch gekennzeichnet, daB das Verfah¬ 
ren umfaBt: 

40 

Aufzeichnen eines Bildes auf einem thermischen Aufzeichnungsbiatt nach einem der Ansprfiche 1 bis 4 Oder 
einem optischen Aufzeichnungsbiatt nach Anspruch 5; 

In-Kontakt-Bringen des mit der Aufzeichnung versehenen Teils mit einen alkoholischen Ldsungsmittel, um das 
aufgezeichnete Bild auszulbschen; 

45 und wiederholte Aufzeichnung eines Bildes auf dem Blatt 

Revendications 

1. Feuille d'enregistrement thermique qui comprend une couche d'enregistrement thermique comprenant un pr6cur- 
50 seur de colorant incolore ou de couleur pSIe et un dgveloppeur de couleur, lequel d6veloppeur de couleur est un 
compost d'urge qui comprend au moins deux groupes de la formula (1): 
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( 1 ) 


10 

dans laquelle X est un alcoyle 6 1 & 12 atomes de carbone, un alcoyle k 1 k 6 atomes de carbone haloggng, un 
aralcoyle k7 k 14 atomes de carbone, un alcoxy k 1 & 12 atomes de caibone, un aryloxy d 6 & 12 atomes de car¬ 
bone, un alcaxy-carbonyle & 2 & 12 atomes de carbone, un acyle & 1 k 12 atomes de carbone, un dialcoylamino k 
2 k 12 atomes de carbone, un arylalcoylamino k 7 k 12 atomes de carbone, un arylamino k 6 k 12 atomes de car- 
is bone, un acylamino k 1 £ 12 atomes de carbone, un nitro, un cyano, un haloggne ou un hydrog&ne, et n est un 
entier de 1 k 3. 

2. Feuille d'enregistrement thermique selon la revendication 1, dans laquelle le dSveloppeur de couleur est un com¬ 
post dur6e de la formule (2), (3) ou (4): 

20 


25 


( 2 ) 
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( 3 ) 


35 
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dans laquelle X est comme d€finl dans la revendication 1, A et un groupe divalent comprenant 30 atomes de car¬ 
bone ou moins, 6 est un groupe bivalent comprenant 30 atomes de carbone ou moins et n est un entier de 1 4 3. 

55 

3. Feuille d’enregistrement thermique selon la revendication 1, dans laquelle le dgveloppeur de couleur est un com¬ 
post d'ur6e de formule (5): 
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(5) 


dans laquelle X est comma dgfini dans la revendicaton 1, n est un enter da 1 4 3 at m est un ent er da 1 4 12. 

10 

4. Feuille d’enregistrement thermique salon la revendication 2, dans laquelle la groupe divalent (A) du ddveloppeur 
da couleur da la formule (3) comprend : 

(a) un groupe alcoyfene 4 chains rarrrifi6e ayant 1415 atomes da carbone; 
is (b) deux groupes alcoylfcnes ou davantage ayant 1412 atomes da carbone, les groupes alcoyl£nes btant lids 

les uns aux autres par des atomes d'azote ou d'oxyg6ne; 

(c) un groupe contenant au moins un groupe cycloalcoyle, substtu6 ou non substtu£, ayant 3 4 20 atomes de 
carbone; 

(d) un groupe ayant un cycle aromatique, substitu6 ou non substitu4, ayant 6 4 20 atomes de carbone ; 

20 (e) un groupe ayant au moins deux cycles aromatques, dorrt chacun peut §tre substitu6 ou non substitu4, 

lequel groupe a 12 4 30 atomes de carbone; ou 

(f) un groupe contenant un cycle pip4razine, substitud ou non substitu4. ayant 4 4 12 atomes de carbone. 

5. Feuille d'enregistrement optique comprenant une feuille d'enregistement thermique selon I'une quelconque des 
2 S revendicatons 1 4 4 et un absorbant optque. 

6. Carte d’enregistrement thermique comprenant une feuille d'enregistrement thermique selon I'une quelconque des 
revendicatons 1 4 4 ou une feuille d'enregistrement optique selon la revendication 5, ladite feuille thermique ou 
optque 4tant stratifide sur un film plastique. 

30 

7. Feuille de transfert 61 ectrophotographique comprenant une feuille d'enregistrement thermique selon I'une quelcon¬ 
que des revendicatons 1 4 4 ou une feuille d'enregistrement optique selon la revendication 5. 

8. Proc6d6 pour enregistrer de fagon reversible une image sur un substrat, lequel proc6d6 comprend les 6tapes sui- 

35 vantes: 

- enregistrer une image sur une feuille d'enregistrement thermique comme ddfinie dans I'une quelconque des 
revendicatons 1 4 4 ou sur une feuille d'enregistrement optque comme ddfinie dans la revendicaton 5; 
effacer I'image enregistr6e par application, respectvement, de chaleur ou de Iumi6re sur la portion enregistrge 
w ;et 

enregistrer 4 nouveau une image sur ladite feuille. 

9. Proc6d6 pour enregistrer de fagon reversible une image sur un substrat lequel proc6d6 comprend les 6tapes sui- 
vantes: 

45 

enregistrer une image sur une feuille d’enregistrement thermique comme ddfinie dans I'une quelconque des 
revendicatons 1 4 4 ou sur une feuille d'enregistrement optque comme d6finie dans la revendicaton 5; 
metre en contact la portion enregistrSe avec un solvant alcoolique pour effacer I'image enregistr6e; et 
enregistrer 4 nouveau une image sur ladite feuille. 
so 
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